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NC-ND license (http://creativecommoSummary Background/Objective: Elderly patients with gastric cancer can receive standard
gastrectomy or gastrectomy with reduced nodal dissection, i.e., limited surgery, in order to
prevent postoperative complications. This study evaluated the feasibility of gastrectomy with
limited surgery for elderly patients with gastric cancer.
Methods: A total of 267 elderly patients (70 years old) were divided into two groups accord-
ing to the level of nodal dissection: patients who received nodal dissection according to guide-
lines were included in the standard surgery group (standard group), and those who received
reduced nodal dissection were included in the limited surgery group (limited group). The sur-
gical outcomes of the two groups were compared.
Results: There were 170 patients in the standard group and 97 patients in the limited group.
The limited group had significantly poorer nutrition status and a significantly higher proportion
with comorbidities. Morbidity and mortality were similar in both groups. Multivariate analysis
showed that the overall survival rates were significantly worse in patients with advanced age,
male gender, low body mass index, low prognostic nutrition index, and higher tumor stage. The
disease-specific survival rate was significantly lower in the limited group than in the standard
group (p< 0.001).
Conclusion: Gastrectomy according to the gastric treatment guidelines for elderly patients
with gastric cancer is recommended. Elderly male patients with poor nutrition have poor prog-
nosis; prognostic nutrition index <40. Limited surgery is a treatment option for such patients.
Copyright ª 2016, Asian Surgical Association. Published by Elsevier Taiwan LLC. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
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+ MODEL1. Introduction
Gastric carcinoma is still a major cause of mortality in
Japan despite the decreased incidence of this disease. The
proportion of elderly people in Japan has recently
increased and is predicted to continue to increase in the
coming decades: the population of patients aged 70 years
increased from 14,923,000 in 2000 to 21,211,000 in 2010.1
Several studies demonstrate that surgical risk, evaluated
preoperatively according to the American Society of Anes-
thesiologists score, is significantly higher in elderly gastric
cancer patients, mainly because of the higher rate of pre-
existing comorbidities.2,3 Comorbidities are independently
associated with the rate of postgastrectomy complications
in patients with gastric cancer.4,5 The 90-day postoperative
mortality rate is high in octogenarian patients with
comorbidities.6 Such comorbidities may reduce the ability
of elderly patients to tolerate surgical stress.7 Therefore,
the operative procedure used for such patients should be
chosen carefully. Gastrectomy with reduced nodal dissec-
tion, i.e., limited surgery is selected to prevent post-
operative complications. However, gastric cancer
treatments guidelines indicate that gastrectomy is the
standard radical treatment for gastric cancer.8 Further-
more, the effect of limited surgery for elderly patients with
gastric cancer remains uncertain.
Therefore, this retrospective study aimed to evaluate
the feasibility of limited surgery for elderly patients with
gastric cancer.
2. Methods
A total of 601 patients with histologically confirmed primary
gastric carcinoma received curative gastrectomy (R0) be-
tween April 2001 and March 2011 at the Department of
Surgery, Fukuoka University Chikushi Hospital, Fukuoka,
Japan. They included 267 elderly patients aged 70 years
who were divided into two groups according to the level of
nodal dissection: patients who received nodal dissection
according to guidelines were included in the standard sur-
gery group (standard group), and those who received
reduced nodal dissection were included in the limited sur-
gery group (limited group).
Immunological and nutrition status was determined ac-
cording to the Onodera prognostic nutritional index calcu-
lated by the following formula: 10 serum albumin
concentration (g/dL)þ 0.005 lymphocyte count (cells/
mm2) in peripheral blood.9 The prognostic nutritional index
cut-off was set at 40 on the basis of an original investiga-
tion. Comorbidities were evaluated according to the
Charlson Risk Index.10
Surgical specimens were examined and scored according
to the Japanese classification of gastric carcinoma.11 Ac-
cording to the Japanese Gastric Cancer Treatment Guide-
lines 2010 (version 3),8 D2 lymph node dissection is
indicated for potentially curable T2eT4 tumors as well as
T1Nþ tumors, D1 lymph node dissection is indicated for T1a
tumors and cT1bN0 tumors that are histologically differ-
entiated and 1.5 cm in diameter, and D1þ lymph node
dissection is indicated for T1N0 tumors other than the
above. Herein, gastrectomy with nodal dissection accordingPlease cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.09to the guidelines is considered the standard surgery,
whereas gastrectomy with reduced nodal dissection is
considered limited surgery. The level of nodal dissection
was determined preoperatively by the surgeon on the basis
of cardiopulmonary function, other comorbidities, and
other patient conditions or on the basis of intraoperative
findings.
Each patient’s clinical course was documented, and
complications during hospital stay were classified according
to Clavien-Dindo criteria.12,13 Operative mortality was
defined as Clavien-Dindo Class V within 30 days after gas-
trectomy. All patients were subjected to a scheduled clin-
ical and instrumental follow-up program after discharge.
Follow-up consisted of physical examination, laboratory
tests, endoscopy, and ultrasonography or computed to-
mography. Patients were followed 5 years postoperatively
or until death.
Statistical analyses were performed using SPSS version
15 (SPSS, Chicago, IL, USA). The significance of differences
between groups was evaluated by the t test or Chi-square
test where appropriate. The Cox proportional hazards
model was used for multivariate analysis. Overall survival
was calculated using the Kaplan-Meier method with the log-
rank test. All p values < 0.05 were considered statistically
significant.
3. Results
3.1. Patient characteristics
The characteristics of the patients included in this study
are shown in Table 1. There were no significant differences
between the standard group and the limited group with
respect to age, sex, body mass index, hemoglobin, histo-
logical type, or tumor location. In addition, there were no
significant differences between groups with respect to
operative factors, the type of resection, operative time, or
intraoperative blood loss. Meanwhile, the proportion of
normal prognostic nutrition index, 40 and over 40, was
significantly higher in the standard group than the limited
group (p< 0.001). The number of dissected lymph nodes
was significantly lower in the limited group than in the
standard group (pZ 0.013). Moreover, the Charlson Risk
Index and tumor stage differed between groups: the stan-
dard group had a significantly lower Charlson Risk Index
(pZ 0.006) and more patients in Stage I.
3.2. Morbidity and mortality
Morbidity was similar between the groups. The proportions
of patients in the limited group and the standard group with
Clavien-Dindo Class III, Class IV, or Class V were 18.6%
(nZ 18) and 15.3% (nZ 26), respectively (Table 2).
The mortality rate was similar between the groups. Two
(2.1%) and one (0.6%) patient in the limited group and
standard group died, respectively. The first patient in the
limited group who died was an 83-year-old man with hy-
pertension, renal dysfunction, and paresis due to cerebro-
vascular disorder. He had anastomotic leakage at the
gastroduodenostomy and subsequently died owing to se-
vere pneumonia on Day 17 postoperatively. The secondth limited surgery for elderly patients with gastric cancer, Asian
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Table 1 Patient characteristics of limited group and standard group.
Limited group (nZ 97) Standard group (nZ 170) p
Age (y) 78.3 5.2 75.2 4.6 0.159
Gender 0.877
Male 63 112
Female 34 58
Body mass index 21.2 3.3 22.0 3.0 0.451
Hemoglobin (g/dL) 11.4 2.6 12.6 2.4 0.328
Prognostic nutrition index <0.001
<40 25 14
40 72 156
Charlson Risk Index 0.006
Low 40 102
Medium/high 58 68
Histology 0.106
Well/moderately 33 75
Poorly 64 95
Location 0.479
U 29 44
ML 68 126
Type of resection 0.356
Total gastrectomy 29 42
Other 68 128
Number of dissected lymph node 27.3 14.0 36.1 17.5 0.013
Stage <0.001
I 22 123
II 35 21
III 40 26
Operation time (min) 186.3 63.2 190.0 67.4 0.351
Blood loss (g) 328.6 297.3 278.2 273.8 0.090
MLZ middle and lowerthird of stomach; U Z upper third of stomach.
Table 2 Morbidity and mortality.
Limited group
(nZ 97)
Standard group
(nZ 170)
p
Morbiditya 18 (18.6%) 26 (15.3%) 0.489
Mortalityb 2 (2.1%) 1 (0.6%) 0.299
a MorbidityZ Clavien-Dindo Grade III/IV/V.
b MortalityZ Clavien-Dindo Class V within 30 days after
gastrectomy.
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+ MODELpatient in the limited group who died was an 81-year-old
female with hypertension and ischemic heart disease. She
died owing to liver failure on Day 19 postoperatively. The
patient in the standard group who died was an 82-year-old
woman with hypertension. She had anastomotic leakage at
the gastroduodenostomy and subsequently died from heart
failure on Day 26 postoperatively.3.3. Survival and prognostic factors
Seven patients were lost to follow-up; thus, the follow-up
rate was 97.4%.
The overall 5-year survival rate was significantly lower in
the limited group than the standard group (52.6% vs. 82.4%,
p< 0.001) (Fig. 1). In addition, the disease-specific survivalPlease cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.09rate was significantly lower in the limited group than the
standard group (75.3% vs. 93.5%, p< 0.001). Among pa-
tients with Stage I disease, the overall 5-year survival rate
was not significantly different between the standard group
and the limited group (90.9% vs. 86.2%, pZ 0.526) (Fig. 2).
Similarly, the disease-specific survival rate was not signifi-
cantly different between the standard group and the
limited group (100.0% vs. 99.2%, pZ 0.663) (Fig. 2). Among
patients with Stage II and Stage III disease, the overall 5-
year survival rate of the limited group was significantly
lower than that of the standard group (41.3% vs. 72.3%,
pZ 0.001) (Fig. 3). The disease-specific survival rate of the
limited group was significantly lower than that of the
standard group (66.7% vs. 78.7%, pZ 0.042). Seventy-five
patients (28.1%) died within 5 years after curative sur-
gery. Noncancer death and recurrence of gastric cancer
were the most common causes. Among the 97 limited group
patients, 46 (48.5%) died within 5 years (Table 3), including
24 from recurrence of gastric cancer, 22 from noncancer
disease, and two from other organ cancer. Among the 170
standard group patients, 29 (17.1%) died within 5 years,
including 15 from noncancer diseases, 11 from recurrence
of gastric cancer, and three from other organ cancer.
Univariate analysis showed that male gender, poorly
differentiated adenocarcinoma, total gastrectomy, limited
nodal dissection group, and Stage II/III disease were signif-
icantly associated with poor cancer-specific survival (Tableth limited surgery for elderly patients with gastric cancer, Asian
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Figure 1 Overall survival rate (A) and disease-specific survival rate (B) in the limited surgery group and standard surgery group.
Both survival rates were significantly lower in the limited group than the standard group.
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+ MODEL4). Multivariate analysis showed that gender, histology, and
tumor stage were independent prognostic factors of poor
cancer-specific survival. Univariate analysis showed that
advanced age, male, low body mass index, low hemoglobin,
low prognostic nutrition group, medium or high Charlson risk
group, total gastrectomy, limited nodal dissection, and
Stage II/III disease were significant predictors of poor overall
survival. Multivariate analysis showed that age, gender,
body mass index, prognostic nutrition index, and tumor
stage were independent prognostic factors for poor overall
survival (Table 5). Hence, male gender and higher tumor
stage were factors for both poor cancer-specific survival and
poor overall survival, whereas low body mass index and poor
prognostic nutrition factor were poor prognostic factors for
overall survival.Please cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.094. Discussion
In the present study, patients with poor nutrition status or
comorbidities underwent limited surgery, which is concor-
dant with the findings in previous studies.2,3 Elderly patients
have high incidences of comorbidities and postoperative
complications because of a general reduction in functional
reserve capacity.7,14e16 The occurrence of complications in
elderly patients results in rapidly increased disease
severity.5,17 Surgery for gastric cancer in elderly patients is
risky and should be limited. Katai et al6 report that the 90-day
postoperative mortality rate is higher in patients with
comorbidities, D2 lymphadenectomy, and total gastrectomy.
However, other recent studies show that postoperativeth limited surgery for elderly patients with gastric cancer, Asian
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Figure 2 Overall survival rate (A) and disease-specific survival rate (B) among patients with Stage I disease in the limited surgery
group and standard surgery group. There were no significant differences between groups.
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+ MODELmorbidity andmortality are comparable between elderly and
younger patients.2,3 Advances in anesthesiologic techniques,
intensive care, surgical devices, and less invasive surgical
techniques have reduced the occurrence of surgical compli-
cations, consequently improving short-term outcomes in
elderly patients. In the present study, the postoperative
morbidity and mortality of patients who received limited
surgery were comparable to those of patients who received
standard surgery. Therefore, limited surgery may have
affected short-term outcomes.
However, it is unclear whether limited surgery influ-
enced long-term outcomes. The median life expectancy of
elderly patients is statistically short. In the present study,
approximately one-quarter of patients died within 5 yearsPlease cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.09after curative surgery. The number of noncancer deaths
was the same as the number of gastric cancer recurrences.
Takeshita et al. report that limited lymph node dissection
does not influence the disease-specific survival rate of
elderly patients.18 The results of the present study indicate
that standard gastrectomy leads to a better prognosis than
limited gastrectomy. In subgroup analysis of patients with
Stage I disease, the overall and disease-specific survival
rates did not differ significantly between the limited group
and the standard group. For many years in Japan, the
standard surgical procedure for gastric cancers excluding
T1N0 tumors has been gastrectomy with D2 lymph node
dissection. D2 lymph node dissection was not commonly
used as a standard treatment in Western countries untilth limited surgery for elderly patients with gastric cancer, Asian
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Figure 3 Overall survival rate (A) and disease-specific survival rate (B) among patients with Stage II and Stage III disease in the
limited surgery group and standard surgery group. Both survival rates were significantly lower in the limited group than the
standard group.
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+ MODELapproximately two decades.19 Songun et al20 followed pa-
tients for 15 years and found that D2 lymph node dissection
is associated with lower locoregional recurrence and gastric
cancer-related death rates than D1 surgery.20 D2 lymph
node dissection for patients with advanced gastric cancer is
commonly used as a standard treatment.
Multivariate analysis showed that the prognostic factors
for overall survival were age, gender, body mass index,
prognostic nutrition index, and tumor stage. Gender and
tumor stage were prognostic factors for both overall sur-
vival and cancer-specific survival. Malnutrition, low body
mass index, and poor prognostic nutrition factor were poor
prognostic factors specifically for overall survival. Hence,Please cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.09considering long-term outcomes, limited surgery is a better
treatment option for cancer patients with poor nutrition
status.
In order to further improve patients’ prognosis, the
following two issues need to be addressed. First, the con-
dition of the patient should be evaluated correctly.
Advanced age is one of the factors related to complica-
tions.7,15,21 Furthermore, it is necessary to evaluate the
kind and grade of functional diminution. The present study
evaluated the grade of functional diminution using the
Prognostic Nutritional Index and Charlson Risk Index. The
Estimation of Physiologic Ability and Surgical Stress are
some of the best methods for predicting postoperativeth limited surgery for elderly patients with gastric cancer, Asian
.002
Table 3 Distribution of cause of death within 5 years of
curative operation.
All
(nZ 267)
Limited
group
(nZ 97)
Standard group
(nZ 170)
Alive 189 (70.8%) 48 (49.5%) 141 (82.9%)
Death 75 (28.1%) 46 (47.4%) 29 (17.1%)
Primary gastric
cancer
35 (13.1%) 24 (24.7%) 11 (6.5%)
Other cancer 5 (1.9%) 2 (2.1%) 3 (1.8%)
Noncancer 35 (13.1%) 22 (20.6%) 15 (8.8%)
Missing 7 (2.6%) 3 (3.1%) 4 (2.4%)
Limited surgery for elderly patients with gastric cancer 7
+ MODELadverse events.22 Accordingly, standard gastrectomy should
be avoided for patients with a high risk of postoperative
complications. Second, patients with poor medical status
should be improved as much as possible by preoperativeTable 4 Univariate and multivariate analysis of gastric cancer
U
Hazard
Age 1.061 (0
Gender M vs. F 2.697 (1
Body mass index (kg/m2) 0.943 (0
Hemoglobin (g/dL) 0.904 (0
Prognostic nutrition index <40 vs. 40 2.013 (0
Charlson Risk Index Low vs. medium, high 1.593 (0
Histology Poorly vs. well, moderately 2.925 (1
Location U vs. ML 1.316 (0
Type of resection Total gastrectomy vs. other 2.059 (1
Nodal dissection level Limited vs. standard 4.812 (2
Stage I vs. II, III 96.948 (
Operation time (min) 1.000(0.
Blood loss (g) 1.001 (1
Clavien-Dindo class 0, I, II vs. III, IV, V 0.539 (0
CIZ confidence interval; FZ female; MZmale; ML Z middle and lo
Table 5 Univariate and multivariate analysis of overall survival
Hazar
Age 1.079
Gender M vs. F 2.286
Body mass index (kg/m2) 0.916
Hemoglobin (g/dL) 0.917
Prognostic nutrition index <40 vs 40 1.957
Charlson Risk Index Low vs. medium, high 1.848
Histology Poorly vs. well, moderately 1.403
Location U vs. ML 1.593
Type of resection Total gastrectomy vs. other 1.806
Nodal dissection level Limited vs. standard 3.399
Stage I vs. II, III 7.948
Operation time (min) 0.997
Blood loss (g) 1.000
Clavien-Dindo class 0, I, II vs. III, IV, V 1.068
CIZ confidence interval; FZ female; MZmale; MLZ middle and lo
Please cite this article in press as: Mikami K, et al., Gastrectomy wi
Journal of Surgery (2016), http://dx.doi.org/10.1016/j.asjsur.2016.09care. The importance of oral care and respiratory rehabil-
itation programs for preventing postoperative pneumonia
was recently emphasized.23 Surgical teams, nutrition sup-
port teams, and others should improve the nutrition,
anemic status, respiratory function, and other declined
functions of patients with risks of postoperative complica-
tions and functional diminution. Accordingly, patients with
improved status can undergo standard gastrectomy.
The present study has some limitations. First, this was a
retrospective study with a small patient population. Sec-
ond, 3.0% of all patients were lost to follow-up.
In conclusion, gastrectomy for elderly patients can be
carried out safely by limited gastrectomy. Although the
standard surgical treatment for advanced gastric cancer is
gastrectomy with D2 lymph node dissection, it is important
that the level of nodal dissection is selected carefully ac-
cording to the nutrition status of each patient; prognostic
nutrition index <40.specific survival.
nivariate analysis Multivariate analysis
ratio (95% CI) p Hazard ratio (95% CI) p
.998e1.127) 0.058
.119e6.497) 0.027 4.658 (1.610e13.475) 0.005
.847e1.050) 0.284
.802e1.018) 0.097
.914e4.431) 0.082
.815e3.112) 0.173
.278e6.698) 0.011 3.232 (1.192e8.762) 0.021
.645e2.688) 0.450
.047e4.049) 0.036 2.561 (0.648e10.120) 0.180
.354e9.835) <0.001 2.172 (0.774e6.097) 0.141
13.153e714.559) <0.001 57.735 (6.906e482.678) < 0.001
995e1.005) 0.982
.000e1.002) 0.093
.165e1.759) 0.306
wer third of stomach; U Z upper third of stomach.
.
Univariate analysis Multivariate analysis
d ratio (95% CI) p Hazard ratio (95% CI) p
(1.037e1.123) <0.001 1.055 (1.001e1.113) 0.048
(1.299e4.022) 0.004 3.329 (1.723e6.435) < 0.001
(0.851e0.985) 0.019 0.886 (0.809e0.969) 0.008
(0.844e0.995) 0.037 0.996 (0.884e1.122) 0.946
(1.141e3.357) 0.015 0.420 (0.172e0.1026) 0.050
(1.166e2.928) 0.009 1.120 (0.654e1.917) 0.679
(0.873e2.253) 0.162
(0.996e2.548) 0.052
(1.133e2.879) 0.013 1.195 (0.518e2.756) 0.677
(2.144e5.391) <0.001 1.620 (0.867e3.026) 0.131
(4.606e13.714) <0.001 7.662 (3.669e16.002) < 0.001
(0.993e1.000) 0.065
(1.000e1.001) 0.256
(0.576e1.978) 0.835
wer third of stomach; UZ upper third of stomach.
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